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Because of economic growth and changes in the
industrial structure, the Taiwanese government has
welcomed foreign laborers into Taiwan since October
1989 to resolve the problem of insufficient labor. Most
of these foreign laborers come from Southeast Asian
countries like Thailand, Indonesia, Vietnam, and the
Philippines where public health is not as well funded
as in Taiwan and where parasitic infection is still com-
mon [1–3]. Most of these foreign laborers are engaged
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Most foreign laborers in Taiwan come from Southeast Asia, where public health is not as well
funded as in Taiwan, and parasitic infections are still common. Therefore, we recruited foreign
laborers to undergo examination for parasitic infection to determine the infection conditions and
follow-up conditions in foreign laborers whose stools were found to be abnormal. A total of 7,360
foreign laborers were enrolled for stool examination in our hospital, and the merthiolate iodine
formaldehyde method was used to diagnose intestinal parasite infection. In total, 331 (4.5%) for-
eign laborers were found to be infected, and Blastocystis hominis was identified as the most preva-
lent intestinal parasite (2.54%), followed by Trichuris trichiura (0.54%) and hookworm (0.53%).
Parasite infection rates among laborers of different nationalities were also significantly different
(p < 0.001). Forty-two intestinal-parasite-infected foreign laborers received anti-parasitic therapy
in our hospital, and treatment was successful. Among the 154 intestinal-parasite-infected foreign
laborers who did not receive treatment in our hospital but were later re-examined, 132 were 
parasite-free. B. hominis has been the most prevalent intestinal parasite infecting foreign laborers
in Taiwan ever since it was added to the list of infections to be screened for stool examination by
the Taiwan Centers for Disease Control in 2002. It is important to closely monitor, control and
treat parasite-infected foreign laborers to minimize the danger to public health.
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either in looking after the sick or in labor-intensive
work. Previous studies in Taiwan have shown that
the prevalence rate of intestinal parasite infection 
in these foreign workers is 8.2–13.5% [4–6]. Those
laborers who have been infected in their own country
may bring these parasites into Taiwan, causing a
threat to the health of the Taiwanese public. There-
fore, the Taiwanese government legislated in 2004 for
mandatory physical examination of foreign laborers,
including stool examination for intestinal parasites,
so that it is possible to monitor, control, and manage
these infectious conditions.
The aims of this study were to analyze the results
of stool examination of foreign laborers with regard to
parasite infection at Kaohsiung Municipal Hsiaokang
Hospital to determine the infection conditions, such
as the prevalence of infection and its distribution in
terms of sex, age, and nationality. We also wanted to
examine follow-up conditions in foreign laborers
whose stools were found after examination to be pos-
itive for infection, and to assess the effects of treat-
ment in infected foreign workers.
METHODS
Foreign laborers
Foreign laborers who underwent a health examina-
tion in Kaohsiung Municipal Hsiaokang Hospital
between January 2006 and September 2008 were
enrolled in this study. The inclusion criterion was
that the foreign laborers match the regulations of the
Taiwan Centers for Disease Control (Taiwan CDC). In
total, 7,360 foreign laborers from Indonesia, Thailand,
the Philippines, and Vietnam were enrolled in the
study. This research was approved by the Institute
Review Board of Kaohsiung Municipal Hsiaokang
Hospital.
Stool examination
Stool samples were transferred for examination within
30 minutes of passage. The examination was comple-
ted within the next 30 minutes, for which we used
the merthiolate iodine formaldehyde method, which
is the stool examination method recommended by the
Taiwan CDC [7]. A 4.7-mL merthiolate-formaldehyde
solution and a 0.3-mL iodine solution were mixed in
a bottle and the stool sample was added. The merthi-
olate iodine formaldehyde-stool sample was then
filtered through gauze, ether was added, and the fil-
tered solution centrifuged at 2,000 rpm for 2 minutes.
The upper layer of clear fluid was then discarded and
the residue examined under a microscope (Olympus
BX41, Japan).
Follow-up and treatment for parasitic
infection
According to the Taiwan CDC for the period 2006–
2008, Entamoeba hartmanni, Entamoeba coli, Endolimax
nana, Iodamoeba butschlii and Dientamoeba fragilis were
viewed as not eligible for hospital-stay in Taiwan.
Other parasitic infections were to be treated and
stools re-examined in 30 days (2006–2007) or 45 days
(2008) [8]. The exception was Entamoeba histolytica/
dispar, for which stools should be re-examined in 
7 days so as to distinguish E. histolytica from E. dispar
by polymerase chain reaction. The anti-parasite drugs
prescribed to treat infected foreign laborers were as
follows: hookworm, mebendazole 100 mg twice a day
for 3 days orally; Opisthorchis viverrini, praziquantel
25mg/kg three times a day for 1 day orally; Blastocystis
hominis, metronidazole 2 g/day for 5 days; Giardia
lamblia, metronidazole 250mg every 8 hours for 5 days;
and Strongyloides stercoralis, albendazole 400 mg every
12 hours for 7 days.
Statistical analysis
Descriptive statistics such as frequency and percent-
age were used in this study and significance was
compared using the χ2 test. The significance level was
set at p < 0.05 and analysis was performed using 
the SPSS statistical package (SPSS Inc., Chicago, 
IL, USA).
RESULTS
In total, 7,360 foreign laborers were examined at our
hospital between January 2006 and September 2008,
and in 331 (4.5%) cases the stool samples were posi-
tive for parasitic infection (Table 1). The laborers en-
rolled in the study came from Indonesia, Thailand,
the Philippines, and Vietnam. Indonesian laborers
(2,288, 31.1%) were the largest group. The preva-
lence of parasitic infection was significantly different
among laborers of different nationalities (p < 0.001),
but there was no significant difference in the preva-
lence between Indonesian and Vietnamese laborers.
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Although the infection rate in males appeared to 
be higher than in females in both Indonesian and
Vietnamese laborers, a paired comparison of the infec-
tion rates for the two sexes in all four nationalities
showed no significant differences. However, the over-
all prevalence of parasitic infection in females was
significantly higher than that in males (p < 0.025).
The average age of the foreign laborers enrolled in
this study was 30.4±6.2 years, and those infected with
parasites were slightly older than those who were not
(30.4 ± 6.1 vs. 29.8 ± 6.0 years). The age range was 14.6–
58.6 years, with two foreign laborers being younger
than 18 years (a 14.6-year-old girl from Indonesia and
a 17.6-year-old girl from the Philippines). More than
half (51.3%) of the foreign laborers were aged under
30 years in our study, 38.6% of whom were from
Indonesia. Most of the Indonesian (63.6%), Filipino
(56.2%), and Vietnamese (47.4%) workers were aged
under 30 years, whereas 52.3% of the laborers from
Thailand were aged 30–40 years. Thai laborers had the
highest average age (33.0 ± 6.1 years). The infection
rates of intestinal parasites among foreign laborers 
in Kaohsiung categorized by nationality and age 
are listed in Table 2. Statistical analysis showed no
significant differences in the infection rates between
the different age groups.
A total of 14 species of intestinal parasites were
found through stool examination in our study (Table 3),
of which B. hominis was the most prevalent (2.54%),
folowed by Trichuris trichiura (0.54%), hookworm
(0.53%), Ascaris lumbricoides (0.37%), and E. coli (0.20%).
O. viverrini infection was found in three Thai laborers
(Table 3). Four double parasite infections were noted
in our study, B. hominis plus E. nana being the most
prevalent combination (Table 3).
Of the 331 infected foreign laborers, 21 were infec-
ted with E. coil, E. nana, or E. hartmanni, and therefore
required no treatment. A total of 42 intestinal-parasite-
infected foreign laborers received successful anti-
parasite therapy in our hospital; Thirty-seven were
infected with B. hominis, four with hookworm, two
each with O. viverrini and G. lamblia, and one with 
S. stercoralis (data not shown).
Of the 233 intestinal-parasite-infected foreign la-
borers who did not receive anti-parasite therapy in
our hospital, 154 were later re-examined; 22 were 
still not qualified and 79 did not attend follow-up.
Among the intestinal parasites identified, B. hominis
was the most prevalent in both qualified and unqual-
ified workers and in those lost to follow-up. In addi-
tion, two foreign laborers infected with E. histolytica/
dispar were lost to follow-up in our hospital; one was
Table 2. Age distribution and infection rate of intestinal parasite among foreign laborers in Kaohsiung*
Country of origin
Age group (yr)
14–29 30–39 ≥ 40
Indonesia 86/1,456 (5.9) 47/793 (5.9) 3/39 (7.7)
Thailand 12/612 (2.0) 21/944 (2.2) 3/250 (1.2)
Philippines 33/1,006 (3.3) 24/694 (3.5) 5/135 (3.7)
Vietnam 44/700 (6.3) 47/656 (7.2) 6/120 (5.0)
Total 175/3,774 (4.6) 139/3,087 (4.5) 17/544 (3.1)
*Data presented as number of positive cases/number of cases examined (%).
Table 1. Sex distribution and infection rate of intestinal parasites among foreign laborers in Kaohsiung*
Country of origin Male Female Total
Indonesia 37/500 (7.4) 99/1,788 (5.5) 136/2,288 (5.9)
Thailand 29/1,451 (2.0) 7/355 (2.0) 36/1,806 (2.0)
Philippines 24/746 (3.2) 38/1,044 (3.6) 62/1,790 (3.5)
Vietnam 24/287 (8.4) 73/1,189 (6.1) 97/1,476 (6.6)
Total 114/2,984 (3.8) 217/4,376 (5.0) 331/7,360 (4.5)
*Data presented as number of positive cases/number of cases examined (%).
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not re-examined and the other was re-examined but did
not qualify and was subsequently lost to follow-up
(Table 4). Under the current rules of the CDC, there is
no regulation specifying that re-examination must be
conducted in the same hospital as the initial examina-
tion, and we do not know if these foreign laborers
who were not qualified underwent re-examination in
another appointed hospital or remain lost to follow-up.
Table 3. National distribution of prevalence of parasitic infection among foreign laborers in Kaohsiung*
Parasite
Indonesia Thailand The Philippines Vietnam Total
(n = 2,288) (n = 1,806) (n = 1,790) (n = 1,476) (n = 7,360)
Single infection
Blastocystis hominis 93 (4.06) 25 (1.38) 34 (1.90) 35 (2.37) 187 (2.54)
Trichuris trichiura 10 (0.44) – 8 (0.45) 22 (1.49) 40 (0.54)
Hookworm 8 (0.35) 2 (0.11) 8 (0.45) 21 (1.42) 39 (0.53)
Ascaris lumbricoides 8 (0.35) 4 (0.22) 5 (0.28) 10 (0.68) 27 (0.37)
Entamoeba coli 5 (0.22) 1 (0.06) 4 (0.22) 5 (0.34) 15 (0.20)
Endolimax nana 4 (0.17) – – 1 (0.68) 5 (0.07)
Giardia lamblia 2 (0.09) – 1 (0.06) 1 (0.68) 4 (0.05)
Opisthorchis viverrini – 3 (0.17) – – 3 (0.04)
Entamoeba histolytica/ – 1 (0.06) – 1 (0.68) 2 (0.03)
Entamoeba dispar
Strongyloides stercoralis 1 (0.04) – 1 (0.06) – 2 (0.03)
Trichostrongylus orientalis – – – 1 (0.68) 1 (0.01)
Entamoeba hartmanni 1 (0.04) – – – 1 (0.01)
Sub-total 132 (5.77) 36 (1.99) 61 (3.41) 97 (6.57) 326 (4.43)
Double infections
Blastocystis hominis + 2 (0.09) – – – 2 (0.03)
Endolimax nana
Blastocystis hominis + 1 (0.04) – – – 1 (0.03)
Iodamoeba butschlii
Trichuris trichiura + 1 (0.04) – – – 1 (0.01)
hookworm
Ascaris lumbricoides + – – 1 (0.06) – 1 (0.01)
Trichuris trichiura
Sub-total 4 (0.17) – 1 (0.06) – 5 (0.07)
Total 136 (5.94) 36 (1.99) 62 (3.46) 97 (6.57) 331 (4.50)
*Data presented as n (%).
Table 4. Analysis of foreign laborers who did not receive anti-parasitic infection treatment in our hospital*
Parasite
Not Not qualified upon Qualified upon 
Total
re-examined re-examination re-examination
Blastocystis hominis 69 21 67 157
Trichuris trichiura 5 0 35 40
Trichuris trichiura + hookworm 0 0 1 1
Ascaris lumbricoides 3 0 24 27
Giardia lamblia 0 0 2 2
Entamoeba histolytica + Entamoeba dispar 1 1 0 2
Opisthorchis viverrini 0 0 1 1
Ascaris lumbricoides + Trichuris trichiura 0 0 1 1
Strongyloides stercoralis 1 0 0 1
Trichostrongylus orientalis 0 0 1 1
Total 79 22 132 233
*Endolimax nana and Iodamoeba butschlii did not require treatment.
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DISCUSSION
In our study, there were more female foreign labor-
ers than males, especially among the workers from
Indonesia, the Philippines, and Vietnam. The majority
of the workers from these three countries were aged
20–30 years. These findings are a reflection of the fact
that most foreign laborers from these three countries
tend to be engaged in looking after the sick. On the
contrary, the majority of the Thai foreign laborers
examined were older males aged 30–40 years, indi-
cating that most Thai laborers are engaged in labor-
intensive work.
A previous study of the prevalence of parasitic 
infection among foreign laborers from Thailand, the
Philippines, and Indonesia reported figures of 60%,
20%, and 4%, respectively, from 1992–1995 [9]; these
figures are higher than those of our study (2.0%, 3.5%,
and 5.9%). Although no data from Vietnamese labor-
ers were available from the previous study for com-
parison, we assume that public health in Thailand
and the Philippines is better than it was when the pre-
vious study was conducted, but that there has been
little improvement in Indonesia, a finding that should
be followed-up in the future.
Previous estimates of the prevalence of intestinal
helminthiases by the World Health Organization re-
ported 1,000 million cases of A. lumbricoides, 900 mil-
lion of hookworm, and 500 million of T. trichiura.
Amebiasis is a major health problem in Western and
South-eastern Africa, Southeast Asia, China, and
Latin America, especially in Mexico. It has been esti-
mated that approximately 480 million people carry 
E. histolytica in their intestinal tracts and 36 million
develop invasive forms of amebiasis [10]. It has been
estimated that approximately 200 million giardiasis
infections occur per year in Africa, Asia, and Latin
America [10]. In addition, the distribution of B. hominis
is global, but it is found particularly in tropical and
subtropical areas [11]; the prevalence has been re-
ported to range from 30–50% in developing countries
[11,12] and 1.5–10% in developed countries [11,13,14].
B. hominis is the most common intestinal parasite
found in foreigners by health examination in Taiwan
after identification of B. hominis by stool examination
was added to the Taiwan CDC list of infections to
screen for in foreign laborers in 2002. The reported
prevalence of B. hominis varies between studies, rang-
ing from 3.40–11.23% [5,6,15,16]. In our study, B. hominis
was found to be the most prevalent intestinal para-
site, with a prevalence rate of 2.57%, which is lower
than that reported in previous studies. However, in
studies among foreign laborers conducted before
2002 in Taiwan, O. viverrini was identified as the most
prevalent parasite infection in foreign laborers [4,9,17].
In our study, T. trichiura and hookworm were found
to be the second and third most prevalent intestinal
parasites, which is similar to the results of Yen et al
[4] but different from those of other studies [5,9,17].
A. lumbricoides was identified as the fourth most preva-
lent infection in our study, but the prevalence was not
as high as that reported by Yen et al [4]; this infection
was found to be the second most prevalent in Lee 
et al [17], fourth most prevalent in Fan and Chung’s
study [9], and absent in Jang et al [5]. However, even
though the prevalences of various intestinal para-
sites vary between studies, the findings for most of
the common intestinal parasites have been similar,
with the exception of B. hominis. Therefore, when
examining foreign laborers originating from the coun-
tries mentioned in this study, T. trichiura, hookworm,
A. lumbricoides and O. viverrini should be focused upon,
as these intestinal parasites pose more of a threat to
public health in Taiwan.
B. hominis was first described in the early 1900s
[11,18]. The most common transmission route of 
B. hominis is the fecal-oral route [19–22], but the issue
of pathogenicity remains a subject of some debate
[11,18,23]. The symptoms caused by B. hominis are
poor appetite, nausea, abdominal discomfort and
diarrhea [11,13,20,24]. Other rarer symptoms includ-
ing hepatomegaly and splenomegaly have also been
reported [11,20], although most people who are in-
fected by B. hominis do not experience any discomfort
[11,15,25,26]. In our study, none of the foreign laborers
found to be infected by intestinal parasites, including
B. hominis, exhibited or mentioned experiencing any
discomfort. In our hospital, metronidazole 2 g/day is
prescribed to treat infected workers; the dosage is
between 1.5 g per day and 750 mg three times a day,
the effects of which have been found to be satisfac-
tory [27,28]. Foreign laborers treated under this regime
complain of less gastrointestinal discomfort. Because
almost all B. hominis-infected laborers show no domi-
nant symptoms or signs, and as the prevalence rate 
is very high, we do not believe it necessary to treat 
B. hominis infection. Indeed, the National Immigration
Agency declared on the January 1, 2009 [29], and the
Taiwan CDC on the March 1, 2009 [30], that it is not
necessary to treat B. hominis infection, and this para-
site has since been viewed as qualified.
The pathogenicities of intestinal parasites besides
B. hominis have been ascertained. Chronic intestinal
helminthiases are related to protein-energy malnutri-
tion, iron-deficiency anemia, and vitamin A deficiency.
The complications of invasive amebiasis are poten-
tially fatal and giardiasis may cause malabsorption in
children. Protozoa such as E. histolytica and Giardia
lamblia are common causes of diarrhea and have a
worldwide distribution [10]. Because these intestinal
parasites are such a threat to public health, effective
treatment of those infected is very important. In our
study, anti-parasitic treatment was successful in all
those who received treatment. In addition, 60.4% of
the foreign laborers who did not receive anti-parasitic
infection treatment in our hospital were qualified
upon re-examination. For those foreign laborers who
were lost to follow-up or who did not qualify upon
re-examination and did not attend follow-up again in
our hospital, it is unknown how their condition was
managed outside the hospital. These cases included
two foreign laborers infected with E. histolytica/dispar,
in whom there was no opportunity to distinguish be-
tween E. histolytica or E. dispar infection by polymerase
chain reaction. The World Health Organization has
reported that in Southeast Asia, many prevention
and control activities against intestinal parasites can
be affected by voluntary help from communities and
financial support from non-governmental organiza-
tions [10]. We believe that close monitoring, control,
and treatment of infected foreign laborers is very
important and will have a beneficial effect on public
health, and consider that the public health department
of the government needs to be more aware of this
issue. In addition, no side effects or other discomfort
were noted in the foreign laborers enrolled in this
study who received anti-parasitic therapy for intes-
tinal parasites, with the exception of those infected
with B. hominis.
In conclusion, the prevalence rate of intestinal
parasite infection among foreign laborers was found
to be 4.5%, and B. hominis was identified as the most
prevalent infection within the study period, followed 
by T. trichiura and hookworm. The effects of anti-
parasitic treatment were satisfactory and close monitor-
ing, control and treatment of infected foreign laborers
is very important.
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在台灣工作的外籍勞工多來自於東南亞，而該區域的公共衛生環境並不如台灣，且寄
生蟲感染的情形常見。因此本研究針對被聘用的外籍勞工實施糞便寄生蟲檢查，目的
是了解外籍勞工寄生蟲感染的情形，以及對於檢查不正常的外籍勞工期之後追蹤的狀
況。本研究共有 7,360 名外籍勞工接受調查，並接受糞便寄生蟲檢察，檢查方式是利
用硫汞 -碘 -甲醛離心濃縮法。其中有 331 (4.5%) 名外勞之糞便寄生蟲檢查為陽性。
人芽囊原蟲是本研究盛行率最高的寄生蟲 (2.54%)，其次為鞭蟲 (0.54%) 及鉤蟲 
(0.53%)。 此外，不同國籍的外籍勞工之寄生蟲感染率在統計學上有顯著的差異 (p < 
0.001)。42 位被腸道寄生蟲感染的外籍勞工在本院接受抗寄生蟲的治療，而這些接受
治療的外籍勞工最後都痊癒。在 154 位被腸道寄生蟲感染的但不在本院接受治療的外
籍勞工中，有 132 位在本院接受複檢之後並未發現寄生蟲。人芽囊原蟲是疾病管制局
於 2002 年將其列入外勞寄生蟲糞便篩檢的項目之一後，之後在台外籍勞工盛行率最
高的寄生蟲，而密切監視，管控以及治療被寄生蟲感染的外籍勞工是很重要的。
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